ABSTRACT In a study of vibration-induced white finger (VWF) 39 
Vibration-induced white finger (VWF) is a secondary form of Raynaud's phenomenon caused by vibrating hand tools. Investigations of the frequency and severity of VWF are usually performed using medical interviews or questionnaires because of the lack of adequate diagnostic methods.' Recently Nielsen and Lassen2 described a method for the routine investigation of Raynaud's phenomenon using finger systolic blood pressure measurements after cooling one finger to disclose vasospasm of the digital arteries. We used this method to investigate a group of chain saw operators and a control group. working with chain saws more than one year earlier, and one had Raynaud's phenomenon before vibration exposure started. These 22 subjects were thus excluded from further study.
In a field study comprising a medical interview, a cold provocation test, and vibration measurements three of the remaining 44 subjects were absent, one was missed for technical reasons, and one was excluded because of traumatic lesions to all the fingers. The group investigated, therefore, finally included 39 subjects. The medical interview showed that they all used chain saws, were without primary finger symptoms, and none had metabolic or vascular disorders other than VWF. Included in the group were two subjects who had used pneumatic hand tools without having VWF and three who had been treated at hospitals for traumatic lesions of the hands but who had no sequelae. The age distribution, exposure period, number of subjects with VWF, and latency period of VWF (defined as the difference in time between the exposure period and the duration of VWF) are given in table 1 for the total group of 365 subjects and the test sample of 39 subjects as evaluated from the completed questionnaire. These variables did not differ significantly between the 39 subjects and the As nearly all of the forestry workers had used vibrating hand tools a control group of 20 subjects working in a shipyard was investigated. The controls were selected according to the following criteria as confirmed from a medical interview: outdoorworking man, never worked with vibrating hand tools, without primary finger symptoms, and with no secondary causes of Raynaud's phenomenon. None of the 20 controls suffered from vascular or metabolic disorders. Included was one subject treated for an injury of the left hand but with no sequelae. The age distribution, number of smokers, and tobacco consumption did not differ significantly from that of the 39 chain sawyers (table 2) . during the inpisodes of vestigations were higher in the control group re fingers.6 (10-17°C and 16-19°C) than in the vibration-exposed he supine group (-10 to 5°C and 9-16°C). There was no fingers at significant difference between the two groups with ing. Body respect to the temperature of the reference finger :t perfused (20-35°C) or between the reference finger and before the thermostated finger at 30°C. The precision of the history of cold provocation test was estimated for randomly Ijects with selected chain sawyers from double determinations tSignificant from stage 0 (p < 0-05).
+Significance between subgroups in stage 0 (p < 0 05). The number of fingers affected by VWF did not differ significantly between the two hands. In quarrymen using pneumatic hand tools, however, the fingers of the hand contralateral to the preferred working hand are the most affected.8 This difference in hand localisation of VWF between quarrymen and chain sawyers may be explained by the asymmetric position of the hands on the pneumatic tools with the non-preferred working hand nearest to the prepared stones and in that way most exposed to vibration, whereas both hands on the chain saw are nearly the same distance from the prepared material. In larger populations of chain sawyers with VWF than in the present study Hellstr0m and Andersen12 found 57% of the right-hand and 42% of the lefthand digits affected (123 subjects), and PyykkW3 found more disease in the left hand. Pyykko suggested that the left-hand grip force was higher than the right-hand grip force during work with chain saws and that this would be more exposed to vibration, but later Farkkila et al14 found grip forces to be equal in both hands during chain saw operations. In accordance with the present study other reports12-13 found the middle and ring fingers most often affected and the thumbs most often spared from symptoms. On average the subjects with longest exposure had most disease, suggesting a progression in the number of affected fingers with continuous exposure to vibrations. SYSTOLIC BLOOD PRESSURES AT 30'C In the present study the systolic blood pressure gradient from the upper arm to the cooled finger at 30°C was increased in stage 3 compared with the control group and stage 0, whereas the arm systolic blood pressure and the pressure gradient to the reference finger from the upper arm did not differ significantly between the three groups. This may reflect vibration-induced organic stenoses in the supplying arteries of the fingers most severely affected by VWF, or it may reflect arteriosclerosis because of a higher age distribution in stage 3 than in the other two groups. The pressure gradient from the upper arm to the cooled finger at 30°C was also higher in stage 3 than in the longest exposed subgroup of stage 0 (p < 002), which had an age distribution, smoking habits, and an arm systolic blood pressure not different from stage 3 (p > 0-10), and this may support the hypothesis of vibrationinduced organic stenoses. No pressures in the fingers were below 80 mm Hg at 30°C, and as evaluated by visual inspection no fingers had ischaemic signs at this temperature. It had been found earlier8 that quarrymen had an increased pressure gradient from the upper arm to the fingers most often affected by VWF. Okada et al15 found the finger tip blood flow to be significantly lower in vibration-exposed groups compared with a control group even before cold provocation. Hirai16 observed that in patients with arterial occlusive disease only the fingers with arteriographic signs of occlusions in both digital arteries or in more proximal arteries leading to both sides of the finger had an increased systolic pressure gradient from the upper arm to the finger. This means that even a small increase in this gradient may indicate severe organic obstructions in the arteries. By arteriography James and Galloway17 found that subjects with severe VWF showed definite evidence of occlusions in the hand and digital arteries, and in nearly all fingers the presence of arterial occlusion coincided with the reporting of "white finger." In biopsy specimens of digital arteries from miners Ashe and Williams18 noticed pronounced subintimal fibrosis in men with mild to severe VWF and vascular lumen restriction without anatomical change in men with no or moderate finger symptoms.
COLD PROVOCATION TEST
In the diagnosis of Raynaud's phenomenon in chain sawyers the cold provocation test had the same sensitivity and specificity as had been found in a study of quarrymen.8 It was suggested8 that the sensitivity was as high as the best results obtained by other methods, and that subclinical Raynaud's phenomenon exists and can be disclosed by cold provocation at low temperatures. In the present study, however, the medical interview was regarded as the valid diagnostic method, and therefore zero pressures in subjects with possible subclinical VWF were classified as false-positive.
The precision of the cold provocation test at 15°C in chain sawyers was of about the same order as found in the study of quarrymen.8 At 6°C the mean difference of duplicates (8 mm Hg) differed from zero with the most pronounced cold response at the first determination. As all but one subject with duplicate determinations at 6°C also were tested twice at 150C the response of duplicates at 6°C may indicate a weakening of the vasoconstrictor response after too many rapidly repeated cold provocations. The relative high precision of the method compared with the variation in cold responses in chain sawyers without VWF suggests that it should be possible to distinguish between different gradings of cold response in these subjects.
The presented test discriminated between controls, stage 0, and stages 2-3. Various objective tests had earlier been used to discriminate between controls, vibration-exposed subjects without VWF, and subjects with VWF. By observing the skin temperature of the finger in the rewarming period after cooling Pelmear et al 9 found a large overlap between vibration-exposed subjects and controls, and skin temperature thermography did not distinguish vibration-exposed subjects from controls or the stages of VWF from each other. Okada et al'5 measured the finger tip blood flow during and after cooling of the contralateral hand and found the flow to be lower in vibration-exposed subjects with and without VWF than in the controls, but the measurements could not discriminate between the two vibration-exposed groups. Chatterjee et al4 measured the somatic space-sense on non-cooled finger tips and found that 15 In the present study stages 3 and 2 had a significantly increased cold response compared with stage 0, which had an increased response compared with the control group. This indicates that vibrations induce hyperresponsiveness to cold in the digital arteries, even in subjects without finger symptoms. There was no significant difference in the level of temperature provoking zero pressure between stages 2 and 3. As all subjects in stage 3 and three of six subjects in stage 2 had a zero pressure at 15°C a higher test temperature than this might have given a better separation between the two stages. In stage 0 the subgroup with an exposure period of 10-23 years had a significantly increased cold response at 6°C compared with the subgroup with an exposure period of one to three years. The result indicates that vibrations induce increased cold responses as the exposure period increases in subjects without subjective finger symptoms, but this has to be finally confirmed in a prospective study.
All but one of the chain saws exceeded the proposed exposure limit, and even subjects who had used only modern vibration-damped chain saws showed VWF. In addition well-maintained saws were found to vibrate considerably less than poorly maintained saws. The results indicate that the vibration levels of the saws used or the exposure period, or both, should be reduced to eliminate the risk of VWF.
The cold provocation test described here may be used to diagnose Raynaud's phenomenon and to disclose an abnormal digital arterial response to cold before subjective symptoms have appeared. 
